Articles
B
iological field stations (BFSs) are typically remote sites that support basic and applied research on natural ecosystems. They can range from simple tent camps with few amenities to elaborate facilities with extensive services and state-of-the-art laboratories. These sites may support biophysical research as well as research on the human dimensions of resource use. Stations may also support training activities for scientists, land managers, and students.
Research at BFSs provides important inventory and monitoring information-key ingredients to understanding how ecosystems function and how they are affected by human and natural perturbations. Research may focus exclusively on natural systems or on a mix of natural and managed (e.g., agricultural) systems. Study sites range from lush forests to arid deserts, marine environments to alpine ecosystems.
The fundamental role that BFSs serve in supporting research places them at the forefront of efforts to understand and protect global ecosystems. Nevertheless, there are few if any comprehensive data on the condition and trends of these stations, and research identifying the myriad challenges and opportunities they face is scant. Even data as basic as the number of stations in operation are lacking.
The paucity of basic data about BFSs is particularly troubling in the tropics, where forests are estimated to contain half the world's species (Wilson 1992) . Deforestation pressures and the loss of biodiversity highlight the urgent need for research that inventories, monitors, and describes these rich and diverse systems (Costanza et al. 1997) . Also needed is research that addresses the underlying human causes of resource degradation and species loss. Indeed, most tropical countries are developing nations that are home to "the world's richest ecosystems and...poorest people" (Bromley 1995) , where human needs and ecological protection clash daily (McNeely and Miller 1984, McNeely 1994) . Responding to these threats is particularly difficult in the tropics because of the remote location of many field stations, limited infrastructure, and chronically insufficient and unstable funding (Dixon and Sherman 1990) .
This article presents the results of our worldwide survey of tropical BFSs. The purpose of the survey was to gather basic information on the range of facilities and services offered by tropical BFSs, the research and scientists they host, and the roles these stations fill in facilitating the management and protection of significant natural areas, such as national parks. During the survey we also gathered economic information on station fees, funding sources and expenditures, and historic and expected financial trends. 
STAND AND PROTECT GLOBAL ECOSYSTEMS
The survey yielded information that can assist governmental agencies, professional societies, nongovernmental organizations, and scientists in assessing the conditions, trends, and challenges facing tropical BFSs, as well as help station personnel better manage their facilities. Moreover, the conditions and trends of BFSs reported here present a first look at the institutions that help or hinder the study, understanding, and management of diverse tropical ecosystems. Thus, the survey serves as an important measure of the ability to create ecological knowledge and ultimately, through application of that knowledge, ensure resource health.
Survey methodology
On 13 May 1997, we mailed the survey to 179 BFSs in tropical nations (that is, in countries located between or contiguous with 23.5 degrees north and south latitudes). The list of BFSs was intended to be as complete as possible, and was gathered through an exhaustive literature search (e.g., Castner 1990 , Jacobsen and Hamel 1996 , Wyman et al. 1996 , Gerring 1997 .
The 15-page survey, accompanied by a cover letter, solicited information in three broad areas: general station information, research and training activities, and station finances. It was pretested by researchers experienced in BFS operations, ecology, and survey design. Pretests indicated that the survey would take 45-60 minutes to complete, depending on the respondent's familiarity with the station. Given the global nature of the inquiry, the cover letter and survey were printed in three languages, English, Spanish, and French.
Postal survey procedures closely followed Dillman's (1978) "total design method." The survey packets were sent via registered mail. A self-addressed envelope was included, along with international mail coupons sufficient to cover return postage. Follow-up letters encouraging recipients to respond were sent at 1 and 7 weeks after the initial mailing. At 11 weeks, all nonrespondents were again mailed copies of the survey via registered mail, with a new cover letter encouraging their response and a self-addressed, postage-paid return envelope. Another letter following the second mailing was sent at 13 weeks. During week 15, a third copy of the survey and cover letter were electronically sent to all nonrespondents known to have electronic mail. At week 17, another electronic mail followup was sent. During weeks 18 through 20, telephone calls were made to all English-and Spanish-speaking nonrespondents for whom we had telephone numbers. Additionally, during weeks 18 through 20, faxed follow-up letters were sent to all nonrespondents at field stations with known fax numbers.
Survey data were analyzed with SPSS for Windows (version 8.0). All correlations were done using Spearman's rho (Snedecor and Cochran 1980) , as the data were nonnormal in distribution. Additionally, all monetary units expressed in foreign currencies were converted to US dollars based on exchange rates published by Wells Fargo Bank on 9 September 1997. For consistency, all base pay periods (such as weeks or months) were converted to daily rates.
Results
Response rates. The cumulative response rate for the survey was 60%. Of the 179 surveys mailed, 69 (38%) were returned because of insufficient address, unknown addressee, or station closure. Of the 110 surveys believed to have reached field stations, 44 stations failed to respond. The 66 BSFs that returned the survey operated in 33 nations (Table 1) . Of these stations, 45% were located in Africa, 36% in Latin America, and 19% in Asia.
Field station location and services. Most BFSs responding to the survey had been established fairly recently (80% of them since 1964), with 1975 the mean year of establishment. The newest station opened in 1994. The survey confirmed the remote setting of many BFSs. For example, the mean travel time from the nearest international airport was 6.8 hours (median of 5 hours). Average travel times from the airport varied by region, with stations in Latin America reporting the shortest time (3.5 hours, median 2.5 hours), followed by those in Asia (5.2 hours, median 5 hours) and Africa (10.3 hours, median 6 hours).
Tropical BFSs offer a wide range of facilities and support services to their clients ( Table 2 ). The most basic servicepotable water-was available at 88% of responding stations. Seventy percent of the respondents reported that their stations offered medical services; the average access time to services not provided on-site was 1.3 hours for food and hygiene supplies, 1.4 hours for medical services, 2.9 hours for telephone and fax service, and 3.6 hours for Internet service.
Field station study sites and conservation roles. Sta- tions reported that 85% of the area within which studies are conducted were nationally administered lands, including national parks whose average size is 9400 km 2 (Table 3) . Excluding national parks and Australia's 348,700-km 2 Great Barrier Reef, the average size of nationally administered lands is 7454 km 2 . Administrative responsibility for other study areas lies with state or provincial governments (7% of the total area studied), communal or public lands overseers (3.8%), the field station itself (0.5%), private foundations (0.8%), and miscellaneous other groups and individuals (2.1%). In all, respondents identified study areas under 77 formal designations.
The mean elevation for all stations was 462 meters (median of 187.5 m), with a range of 0 meters for marine research stations to 3400 m for those located in highland forests of Africa.
Respondents reported over 30 dominant ecosystems available for study from their stations (Table 4) . "Forest," with 24.1% of responses, was the most often cited ecosystem. Combining all forest subcategories (unspecified "forest" with rainforest, woodlands, tropical forest, and so on) produced an aggregate comprising over half of all responses. Other ecosystems cited were marine (7.5%), lakes (7.1%), and riparian (6.6%). Respondents were also asked to report the unique features of these ecosystems. Top ranked were biodiversity or uniqueness (or both) (47.3%), followed by food or agricultural production (8.6%) and important habitat (6.6%). Some geographic variation was found in the data. For example, stations in Latin America reported that 63% of the systems available for study were predominantly forested; for African stations, the figure was 51%, and for Asian stations, 34%.
A majority of stations (62%) reported that all the ecosystems they listed had been studied at some level over the last 3 years. Geographically, there was some variability in this response, with 67% of the stations in Africa reporting some level of study, followed by Latin America (62%) and Asia (46%). Of the systems that had not been studied, forests were cited most often across all three regions (cited by 46% of the stations with unstudied ecosystems), followed by lakes and aquatic systems (11.4%) and deserts (8.6%). Limited funding was reported by 65% to be the main reason for not studying these systems, followed by a lack of administrative emphasis (24%), political constraints (3%), and other, uncategorized reasons (8%).
The survey also asked whether one or more significant plant or animal species were available for study. One-third of the respondents reported significant mammalian species ). b. Other categories include "protective zone," "concession," and "botanical garden." c. Private or NGO (nongovernmental organization) is bimodal, as 9 of the 11 responses were less than 200 km 2 , and two responses were greater than or equal to 800 km 2 .
(primates account for 21.5% of the total). Plant species were reported by 24.5% of respondents, followed by avifauna (11.0%) and fresh and saltwater aquatic species (9.5%). The remaining 21.5% comprised insects, reptiles, agronomic crops, and other species. Respondents indicated that the primary reason for study is that species are endangered (24%)-a dominant response consistent across all three regions. Other important motives for study include administrative focus (15.4%), rarity (9%), and economic importance (7.5%).
Significant plant species were reported by 28% of Asian stations, followed by mammals (18%), aquatic species (17%), and avifauna (15%). Fifty-three percent of African stations reported mammals as significant species available for study (primates accounted for 39% of the total), followed by plant species (30%). In Latin America, the emphasis was reversed, with 20% of the significant species being plants, followed by mammals (16%), avifauna (16%), and reptiles (14%). Latin American stations cited a broader array of significant species available for study.
Respondents indicated that many study areas were affected by human activities other than research. Eighty percent of the stations reported that human populations depend on their study areas for subsistence or income. Over 24% of the respondents said that fishing, hunting, and gathering occurred in their study areas, and an additional 21% reported that their areas were being used for agricultural purposes. In all, nearly half of the study areas serve some direct role in sustaining nearby human populations. Only 17% of stations reported ecotourism activities, and less than 1% reported habitation in study areas. Nearly 80% of the respondents said they monitor or manage the impacts of human activities. Some interesting differences were found among regions with respect to human activities. For example, nearly all African stations reported human use of their study areas for subsistence or income, compared with only 67% of Asian stations and 65% of Latin American stations. The nature of nonresearch activities differed across regions as well. In Latin America, the leading activity was ecotourism (26%), whereas primary activities in Africa and Asia were agriculture (26%) and small business (24%), respectively.
Given the dominance of national parks and other nationally administered study areas, it is not surprising that 73% of stations reported that they play a direct role in assisting the management of nearby natural or protected areas. African stations were most active, with 77% providing assistance; 70% of Latin American stations and 67% of Asian stations assisted in such management. All regions reported the main type of support to be technical assistance. In aggregate, management-oriented technical assistance was reported by 27% of the respondents, while 14% indicated community-related technical assistance.
Research activities reported by field stations. Forty different researchers or research assistants use the average field station during a typical year. The median for all respondents was 12. During a peak-use month, the average number of researchers, educators, trainees, or students using a station was 32 and the median for all respondents was 10.
Nearly all stations (97%) require researchers to submit a research application. The number of active research projects varied greatly among stations, ranging from 0 (because of war) to 125. Field stations reported an average of 14 active research projects, with a median of 5. Field stations reported that 56% of projects were basic research, 22% applied research, and 22% a mixture of the two. Ninety-two percent of field stations keep some record of past research, 87% maintain copies of publications, and 82% maintain data files.
Nearly 80% of responding stations reported that the majority of their research projects studied unmanaged natural ecosystems, or species in their natural environment (as opposed to the study of crops or managed systems such as agricultural lands). Moreover, 63% of the respondents reported that 76% to 100% of their research projects involved primarily unmanaged ecosystems; only 13% reported that fewer than 25% of their research projects are dedicated to the study of unmanaged ecosystems. Over 35% of the stations reported conservation goals as the primary motivation for the studies.
Survey respondents were asked to report the five "most important" scientific disciplines studied at their field stations. Most commonly cited were ecology and primatology ( categories that were not easily combined (for example, immunization and carbonate geology). The magnitude of this "other" response underscores the great diversity of studies supported in the tropics.
The survey found that researchers from 46 countries conduct research in the 33 nations represented by the respondents. In fact, the majority of these researchers (59%) come from outside the host country. The United States was the leading home country of researchers, composing on average over 30% of the total number of researchers at each station, followed by the United Kingdom (11%) and Germany (4.7%). Interestingly, researchers from the top five countries made up more than 50% of the researchers from all 46 countries of origin. Some geographical differences were found. For example, Latin American stations reported that 48% of their researchers were from the United States-not surprising, given its proximity. In Asia, 73% of researchers came from within the region. Major nationalities reported included the United States (15%), Australia (15%), Europe (11%), and Japan (5%). In Africa, 31% of researchers came from Europe, followed by Africa (30%) and the United States (25%).
Given the large number of international researchers, it is not surprising that 92% of the field stations have policies to encourage foreign researchers to collaborate with host country scientists. This collaboration takes a variety of forms. Of stations that encourage collaboration, 32% reported collaborative projects as a means of encouraging cooperation. Additionally, respondents said that foreign researchers financially support local researchers (12%) and local students (9%). Twenty-four nations offered assistance to, or collaborated in some way with, stations in countries other than their own.
Seasonality of station use. More than two-thirds (69%) of responding stations indicated that seasonal conditions (e.g., rainfall, flooding, temperature) adversely affect station use. Climatic impacts were most common for African and Asian stations (77% of respondents), as opposed to only 54% of Latin American stations. This dichotomy may result from the lower average travel time between international airports and field stations in Latin America.
Across all regions, the majority of stations reported that peak-use months for research, training, and educational activities were June through August and November through January. These use patterns closely follow the academic calendar year. For example, the most convenient months for scientists, researchers, educators, and students in the North Temperate Zone to conduct research or participate in educational programs are June through August, when most campus classes are not in session. The November to January high-use period correlates with the holiday break between academic terms.
Education and training activities. Half of the field stations responding to the survey indicated that they offer education and training activities to generate income, improve public relations and perceptions of the environment, and further educational missions (56% of Latin American stations, 50% of African stations, and 39% of Asian stations). Educational activities included courses for students, teachers, and ecotourists. Training activities included workshops for conservation workers and local farmers. Of the 20 course titles reported, ecology-related courses were most common (26% of course offerings), followed by environmental education (12%) and forest management (7%). The majority of course participants are high school and undergraduate university students (41%), followed by staff and "other" participants (11% each) and instructors (9%). Only 34% of the stations offering courses also offered university-level credit. Interestingly, 90% of the Asian stations that offered courses also offered university credit, compared with 33% of Latin American stations and 12% of African stations.
Station operating budgets, funding sources, and trends. The average annual field station operating budget for the most recent fiscal year was $323,811, with a median value of $85,000. Annual budgets ranged from $840 to $2.9 million. Large differences were found across regions. For example, Asian stations reported the highest average budgets ($528,559), followed by Latin America ($352,198) and Africa ($208,723) . When ranked by median budget, Latin American stations reported the highest ($154,000), followed by Asian stations ($135,000) and African stations ($50,000). For each region, a positive statistical relationship was found between a field station's budget and the number of active research projects. For the sample as a whole, the correlation of 0.56 was statistically significant at the 0.01 level. Operating budgets were negatively correlated with total travel time from the nearest international airport. The correlation was -0.35, significant at the 0.01 level. Moreover, the greater the travel time, the fewer the services available (correlation of -0.34, significant at the 0.01 level). In addition, a positive correlation was found between the number of promotional activities (see below) and operating budget. This correlation was 0.28, significant at the 0.05 level.
Operating funds came from a variety of sources (Table 6 ). External or international sources (governments, organizations, and universities) made up 25% of the mean annual operating budget, followed by BFS-generated sources (education or training programs and research, room and meal charges, and so on) (23.9%); host-country sources, such as governments, organizations, and universities (22.5%); donations, trusts, and grants (18.5%); private sources (8.9%); and miscellaneous ("other") sources (0.9%). Surprisingly, external and host-country universities provided only 1.3% of the mean annual operating budget, although universities undoubtedly provide indirect funds through salaries, research, and user fees. Moreover, trusts and endowments contributed only 0.4% to operating budgets. Indeed, only 3% of field stations have established trusts or endowments to fund their operations. For stations with these funding sources, however, the average contribution to the annual budget was 12.5%.
Funding sources varied considerably by region (Table 7) . For example, in Asia, host-country sources made up 36% of the mean operating budget. The smallest income for Asian stations was derived from self-generated funding sources (12%) and trusts, grants, donations, and endowments (10%). In contrast, the major source of funding for Latin American stations was self-generated (for example, fees for research, room and board, training programs), comprising 40% of the mean operating budget. The smallest source of income for Latin American stations was trusts, grants, donations, and endowments (9%). The fact that field stations in the Americas have the highest percentage of funding from self-generated sources is consistent with the large number of researchers using them. The largest aggregate source of funding for African stations was donations, grants, trusts, and endowments (29% of the mean budget). The smallest contributor to African stations was private sources (industry, personal income), with 5% of the mean operating budget.
Station fees. Station fees for facilities and services are important sources of funding. They also influence station use and clientele, based on how fees compare with those at alternate research sites. Of the 66 field stations in the survey, 34% reported charging a fee to researchers "for facilities other than housing and meals." Fees for research comprise 8.5% of the mean operating budget ( Table 6 ). The mean reported research fee was $18 per day, with a range of less than $1 per day to $100 per day (the median reported research fee was $10 per day).
Room and board fees generated 6.3% of station budgets (Table 6 ). Fifty-four percent of field stations reported that private rooms are available at an average cost of $31 per day, and 31% of those respondents reported that prices included meals. Almost half of the field stations offer dormitory-style shared accommodations for an average fee of $20 per day, with a median charge of $14 per day; one-third of them included meals in the dormitory fee. Finally, 20% of respondents reported that they have other accommodations available for a mean fee of $15 per day (one-third included meals in their price). These accommodations ranged from tent space to guesthouses.
Another source of income for field stations is prepared meals or the use of kitchen facilities for researchers, trainees, students, and others. Fifty-four percent of respondents offer prepared meals for a mean fee of $7 per day ($5 median). Further, 31% of the respondents reported that cooking facilities are available for visitors. Because 83% of stations with such kitchens charge no fee, the mean price for access to cooking facilities was just $2 per day, with a maximum charge of $23 per day.
In Latin America, where self-generated funding sources make up the largest portion of annual operating budgets, nearly half of the stations reported charging a fee to researchers (average rate for stations reporting a fee was $19 per day, with a median of $5 per day). In Africa, where self-generated funding comprised the smallest portion of budgets, fewer than 25% of stations charged researchers a fee (average fee of $13 per day, with a median of $11 per day). One-third of Asian stations charged a fee to researchers (an average of $24 per day, with a median of $19 per day).
Half of the stations surveyed reported that they offer training programs and courses. Of those respondents, roughly 60% listed their average tuition per course. Twenty-eight percent charged no tuition, while the average tuition for 10 field stations that responded (31% of the respondents to this question) was $963 per course, with a range of $50 to $2333. Regional differences were found in course fees. For example, 23% of Latin American stations charged for training sessions (for those charging a fee, the average was $26 per day, with a median of $18 per day). In contrast, only 14% of African stations charged a fee (average fee was $9 per day). One-third of Asian stations charged a fee averaging $68 per day.
In-kind support, defined as technical or material assistance, or anything other than direct financial support, was significant for many field stations. Almost 70% of the respondents indicated that they received some form of in-kind support, 43% of them from host-country sources (governments, universities, and organizations), and 37% from nonhost-country sources. Of the total number of respondents, 27% indicated that host governments offered in-kind support; external governments (21%) came in second. Surprisingly, external organizations and host country organizations were reported as sources of in-kind support by only 4.3% and 0.9% of the respondents, respectively. Private nonprofit sources provided 7.8%, and private for-profit sources 4.3%. Of the 45 respondents, technical support was the most frequently listed type of support, with 22% of all responses. Other major types of in-kind support included equipment (14.5% of the total responses) and administrative assistance (10%).
Station expenditures. Staff-related costs for wages, benefits, travel, training, and meals (for staff and visitors) consumed 56% of average annual station expenditures (Table 8) . Equipment and supplies consumed an additional 21%. Approximately 17% of station expenditures covered facility, trail, and vehicle maintenance. Miscellaneous costs comprised 6% of average expenditures. Another expense reported by field stations was financial assistance to various groups. For example, 44% offered financial assistance to students, 21% to researchers, 13% to trainees, and 7% to instructors. These station expenditures were similar across the three regions.
Expenditures on capital improvements such as infrastructure, facilities, electrical lines, and road construction are important in sustaining and enhancing the services provided by field stations. Roughly two-thirds of all respondents indicated some outlay on capital improvement during the most recent fiscal year. Of the stations that reported capital improvements, the average expenditure was $94,706, with a range of $400 to $638,000. The median capital expenditure was $40,000. Mean capital expenditures varied greatly among regions. Of those stations that reported capital improvement spending, Asia led with $215,936, followed by Latin America ($66,764) and Africa ($46,987) . The median regional values were $80,000, $20,000, and $8,000, respectively.
Historic and expected future financial trends. Field stations reported that only 54% of their operating budget was stable or dependable from year to year, with the balance of 46% self-generated. There was very little variation across regions. The survey also requested information on trends of funding sources and expenditures for the 3 years immediately preceding the most recent fiscal year, as well as on expected trends for the 3 years after that fiscal year. For nearly all funding sources, more than one-third of the stations indicated constant past and future trends (Table 9 ). There were some notable differences, however. For example, self-generated sources of funding (such as room and board, training programs, and research fees) were expected to increase in the future, along with funds from host country and external universities. Funds Note: Host country sources include government, organizations, and universities; external sources include foreign organizations, governments, and universities; self-generated funding sources include research fees, room and board, tuition, etc.); and private sources include funding from private business or personal savings.
from trusts and endowments were perceived to have been greater in the past than they will be in the future, although donations and grants were expected to increase. Funds from hostcountry organizations, while fairly stable in the past, were expected to decrease somewhat in the future.
When considering trends in station expenditures over the previous 3 years, two-thirds or more of the stations reported constant prices for most categories (Table 10) . A few exceptions were noted (for example, less spending on fuel and computer equipment and more on office supplies). As for expenditure trends over the next 3 years, nearly all categories were expected to remain constant or increase in cost (Table 10) . A majority of stations expected increased expenditures for lab equipment, library acquisitions, staff training, and research supplies (Table 10) . From a budgetary perspective, the strong perception of stable to increasing operating costs must be balanced by increased funding levels, which may explain why many stations reported that they would in the future raise more self-generated revenues-the funding source over which they have the most control.
Discussion
This study revealed the many challenges that tropical biological field stations face on a daily basis. While we received many reports of stations struggling amid political instability, famine, or war, day-to-day financial limitations were paramount. For example, nearly half the average station's operating budget was not stable from year to year and had to be self-generated on an annual basis. Securing these funds undoubtedly requires a significant effort on the part of station personnel. Erratic funding can result in many disruptions, including periodic closures, deferred maintenance, and temporary staff reductions. Moreover, 40% of field stations reported that some significant nearby ecosystems were not being studied; two-thirds of those stations cited inadequate funding as the reason.
The stations relied on a variety of strategies to garner the financial support needed to fund their operations. Funding sources were typically diverse, with all but one field station receiving funds from multiple sources, and one-third of the stations receiving funding from host-country sources. Latin American stations reported the highest median operating budgets, with 40% being supplied by self-generated sources. In contrast, the median operating budget for African stations was one-third lower than for Latin American stations, with almost 30% derived from donations, grants, trusts, and endowments (these sources represented the smallest source of funding for Latin American stations). Moreover, African stations reported having the fewest researchers. For Asian stations, the largest source of funding was the host country.
Many stations facing constant funding levels and rising operating costs have increased user fees. Indeed, nearly two-thirds of survey respondents indicated that they expect to increase self-generated funds through higher fees for research, lodging, meals, courses, and guiding services. The ease with which station fees can be increased presents both an opportunity and a potential danger. For example, although in many instances the nominal fees levied by stations could be increased to more nearly cover operating costs, stations must carefully weigh higher fees against the ability of clients to pay.
Increasing station use can also be effective at generating funding. In fact, survey results indicated that many stations are already actively promoting their facilities. Because most stations experience low-use periods, reduced rates or semester- Room and board  18  44  39  17  18  5  28  67  Training programs  12  17  66  17  12  0  33  67  Research fees  16  44  31  25  17  18  29  53  Trusts and endowments  6  0  67  33  6  33  34  33  Donations and grants  27  41  41  18  28  29  43  28  External governments  15  20  53  27  15  33  40  27  External organizations  14  36  28  36  12  42  33  25  Host country universities  7  29  71  0  8  0  75  25  External universities  8  25  38  37  8  0  75  25  Host country government  17  29  58  12  17  35  41  24  Host country organizations  6  17  66  17  6  17  83  0 length courses could take advantage of underutilized capacity, enhance revenues, and avoid controversial policies to limit peak use (Lilieholm et al. 1998 ). An added benefit of increased utilization during low-use times is that ecosystems during such periods may not be well studied or understood, despite an overall active research program. Ironically, one barrier to expanding station clientele could be existing users, who may fear that greater clientele would dilute their influence. Increased revenues can also be realized by expanding the range of scientific disciplines represented at the station. Studies addressing the human dimensions of resource use would be particularly fruitful, given the growing importance of human impacts on ecosystems and efforts to identify and implement sustainable development policies (Todaro 1997 , Whitesell 1999 . For instance, 80% of the field stations that responded to the survey reported some level of human dependence on ecosystems near field stations for subsistence or income. Unfortunately, very few stations reported that sociological or anthropological studies were being carried out. The dearth of human dimensions research appears to be inconsistent with the level of human pressures on these ecosystems.
Improving the long-term financial health of field stations also requires careful monitoring of station expenditures. For example, survey responses suggested that respondents were far more knowledgeable about funding sources than about expenditures. Although the fact that there are more expenditure categories than there are funding sources may account in part for this outcome, poor cost accounting practices could be another reason. To remedy the situation, stations must have in place effective accounting systems that accurately monitor both revenues and expenditures.
Financial constraints can also be alleviated through more active solicitation of in-kind, nonfinancial support. For example, survey respondents reported that various organizations, universities, and private sources provided in-kind assistance ranging from technical and logistical support to vehicle use, supplies, office space, equipment, and resource protection.
Moreover, 85% of field stations said they accept volunteer services. Another largely untapped funding option is the creation of specially dedicated trusts and endowments, which can provide long-term, reliable funding.
Although field stations are often geographically isolated and may be affiliated with a single university or research organization, they usually have an important yet underutilized base of core researchers who could assist with identifying sources of funding, in-kind support, and funds for trusts and endowments. The support of core researchers could be enhanced through periodic newsletters, requests for assistance, and research policies that encourage or require that future grants include support for station operations and hostcountry scientists and students.
Strategic planning can also enhance station operations by identifying and guiding the implementation of alternative development options (CID 1998) . Stations should carefully consider, however, the long-term benefits of expanding infrastructure. For example, although many donor organizations favorably view the funding of new buildings and labs, these additional facilities bind stations to higher maintenance and staffing costs. In future years, donors may lose interest in a particular station or region, but the costs of maintaining buildings will continue.
Implementing all these strategies requires state-of-the-art telecommunications. Fortunately, the rapid expansion of Internet capabilities has virtually revolutionized telecommunications for many remote sites, and continued expansion of Internet capability is paramount to the success of field stations.
Conclusions
Biological field stations provide the foundation for global efforts to understand and conserve tropical ecosystems. As a result, the long-term sustainability of BFSs is crucial to the viability of the ecosystems they study. Yet ironically, both policymakers and the scientific community largely overlook the critical role that field stations play in resource conservation. 
